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1+ PROBLEM

Optical pulses that result from the reflection of GaAs laser pulses
from water clouds have been measured, The amplitude of the return pulse
as a functien of time, V(t), depends on the transmitted laser pulse,
P(t):; the overall system sensitivity as a function of distance {(range
response) R(x); and the optical properties of the cloud. For the
present purpose, the properties of the cloud along the pencil heam path
of the optical probe can he described by a single function, C(x), the
cloud signature.l'2 right arriving at the detector at time t must have
been transmitted at an earlier time, t - Tt (1 > 0). T is8 the time that

it takes light at speed ¢ to travel from the transmitter to the point of -

reflection (distance = x) and then back to the detector, which is near
the transmitter. Therefore,

T = 2X/¢ - (1)

All pairs of T and x such that T 0 and equation (1) holds will
contribute to the return at time ., with the contribution weighted
according to the system range response at the distance x and the cloud
signature at that location. Therefore, the total return 1s given by the
convolution

V(t) = K j: P(t - T)R(X)C(x) dt , x = ct/2 , (2)
where K is for normalization.
The purpose of this study is to investigate a method for €inding

C(x) given V(t), P(t), and R(x). P(t) and R(x) are constant functions
of the system. V(t) has been measured for a large number of pulses.

One method for solving for C(x) in equation (2) is as follows.2

Using the notation of McGuire,2 let
h(t) = K-C(ct/2)*R(ct/2) . (3)
Now, to consider equation (2) numerically, let

t = n*At , T = isAt .

Ly, H.Burroughs, Computation of Cloud Backscatter Power as a Function
of Time for an Active Optica. Radar (U), Naval Weapons Center NWC TP
5090 (April) 1971). (CONFIDRNTIAL)

2pennis McGuire and Michael Conner, The Deconvolution of Aagcsol
Backscattered Optical Pulses to Obtain System~Independent Aeroscl
Signatures, Harry Diamond Laboratories HDL-TR-1944 (June 1981).
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The intagral thén becomes a sum:
n
VinsAt) = At 3 P((n = 1)At)sh(iAt) . (4)
i=1
The upper limit equals n because P = O for t £ 0. Thinking of V and h
48 vectors, the notation becomes

¥ = arerh , ()
where
/ P(At) 0 0o 0
P(24t) P(At) ' 0 0
P(3At) P(2At) PlAY) 0
p= (. : : ..
\ P(nAt) P((n - 1)At) P(At)

The problem of solving for C(x) (by here solving for h) then becomes one
ot macrix inversion. The solution to eguation (5) is

R o= (12a0)p" Y . (6)

BEquation (6) does not give satisfactory results’ if V contains noise.
This failure is probably because the form of P(t) causes some large
elements to appear in P!, giving too much significance to some small
variation in V due to noise. It is not surprising that there is some
difficulty related to dealing with P"l, This difficulty is because the
determinant of P is [P(At)]®, which is very small since P(At) is the
first nonzero point of the transmitted pulse. One might easily expect
this problem from another point of view; namely, since the convolution
of C (eq. 2) will smooth out small bumps in C, the deconvolution of V
using the same equation will badly exaggerate small tumps (noise).

2pennis McGuire and Michael Conner, The Deconvolution of Aerosol
Backscattered Optical Pulses to Obtain System-Independent Aerosol
Signatvres, Harry Diamond Laboratories HDL-TR-1944 (June 1981).
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A way to avoid all such difficulty is to make the approximation
that P(t) = A§(t = to). vwherea A is a normalisation constant and t, is
the center of the transmitted :ulse. Then eyuation (2) immediately

yields c !f" (t - ‘o)] Wy
2

ol - to)
2
This discurds all information ahbout the shape of the transmitted pulse,

thug reducing the resolution in C(x) to about 1 to 2 m since the tranm-
mitted pulse has & full width at half maximum (FWHM) of about 6 ns.

. N

KeA*R

2. DESCRIPTION OF METHOD

In this investigation, equation (7) is used as a first approximation
to C{x). Since one desires a cloud signature with bhetter than the 11— to
2-m resolution achieved by using equution (7), some affort is then made
to modify C(x) to find a more accurate cloud signature. In thia discus-
sion, a more accurate (or "better™) cloud signature refsrs to a signa-
ture with a smaller error, where error is dafined as follows: Insert
the cloud signature currently being considared into equation (2) to
calculate the return pulse (Vé. subgeript ¢ for calculated) that would
result from that signature. Compare that with the measured return puolise
(Vy) defining

erroy = [Vm(t) - v'__(t)]?- at . {8)

Various functions {as discussed later) are tried for C(x}), and the C!x).

that gives the smallegt arror is recorded as the extracted cloud signa-
ture,

Now, equation (6) immediately gives the cloud sigriature with error =
0, but that signature is noise dominated nonsense.? Here, then, one is
not seeking the absolute minimum in the error (which would be zero), but
rather one seeks a relative minimum in error by varying C(x) in some
gentle way about the § (delta) extracted (eq. 7) first gquess.

The following measures are available to prevent the cloud signature
from becoming wildly bumpy:

a. Regtrict how far the successive estimates of C(x) can vary from
the original § extracted C(x).

2pennis McGuire and Michael Conner, The Deconvolution of Aerosol
Backscattered Optical Pulses to Obtain System~Independent Aerosol
Signatures, Harry Diamcnd Laboratories HDL-TR-1944 (June 1981).
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b. Subject the return pulse, v‘(t). to a low-pass filter.
c. Subject the final answer for Cix) to a low-pass filter.

The severity of each of these restrictiona is easily varied. It was
hoped that with these restrictions a relative minimum in the error could
be found associated with some reasonable cloud signature that would have
the same gross pruperties as the delta extracted signature, but with
sharper features. Before sample calculations were carried out, it was
not clear whuther restrictions and filtering (measures a to c¢) adeguate
to smooth out the noise would simultanecusly doom resolution to worae
than 1= to 2=m resolution of tha delta function case. If filtering
alcne (b and ¢) can succeasfully suppress the noise in a given data bank
while still allowing improved resolution (this would depend chiefly on
the signal to noise ratio for that Adata), then one may consider using
equation (6) after all, with the appropriate filtering of V(t) and
C(x)s On the otner hand, if the a priori assumption that the desired
cloud signature closely resembles the delta extracted signature is
essential, then the method described below may be useful.

In the present method, the calculations are done by computer. The
cloud signature, C(x), is in digitized form with 100 values for C.
These values are at 0.15-m intervals in distance (x), <zovering a total
of 15 m. The first estimate of C(x) is provided by the delta function
method; that is, equation (7) is used for 100 values of t (corresponding
to 100 values of x with x = ¢t/2)., The various values of C(x) are then
varied in an effort to find a C(x) with a smaller error (as defined
above). The variation of C proceeds as follows: For a chosen initial
value of Q (Q > 1), begin with the first point [C{x;) = 0.15 m]and
consider the following five possibilities:

a. Leave C(x) unaltered.
b. Multiply C(xy) by Q.
c. Divide c(xi) by Q.

d. Multiply C(x;) by Q and decrease the next value, C(xi+l) + by the
amount by which Clxy increased.

e. Divide C(xy) by Q and increase C(xy,,) by the amcunt by which
Clx;) decreased.

({Choices d and e are motivated by the consideration that they leave the
integrated return less changed; since the original guess had approx-
imately the correct total energy, thase possibilities are probably
desirable.) One then takes whichever of the five resulting cloud signa-
tures that has the lowest associated error and considers it to be the
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current (or "“new and improved") cloud signature. This variational
method is then repeated for the next point and :successive points through
C(xwo) = 15 m. This constitutes one pass. 1If after any pass the error
is smaller than it was at the beginning of the pass, it is deemed wurth-
while to make another pass by using a smaller value of Q,

Qew = N+ N/(n+1) ,n>0,

to achieve finer variations in C{x). The flow chart and coding for the
camputer program that carriss out this procedure are shown in appendices
A and B, respectively. The values for n and the initial Q can be
gpecified as desired for each computer run. The particular veluss of Q
(= Qinieial) &nd n that were used to generate the examples in this
report are given in appendix C. The cloud signature is constrained to
vary only within a certain region bhecause no value of C could be
multiplied or dlvided by more than approximately Q;¢Q2°Q3*«se Q,r and
this product has a finite value depending on Q (= Qinitia)) and n (see
app D).

In this way, C(x) varies until some relative minirum in the error is
found. When a pass is executed (one Q, all 100 points) with no decrease
in the error, the process is stopped and the cloud signature is
recorded,

3. RESULTS

The characteristics of the signature found by this method depend
critically on the signal to noise ratio of the return signal, V(t), as
the following examples show.

3.1 Casme I

An idealized cloud with the backscatter coefficient propor-
tional to the extinction coefficient} and extinction coefficient profile
ag shown in figure 1 results in the cloud signature shown in figuvre 2.
Here one assumes!‘?

-2[%a(s) as
C(x) = u(x)e I3 .

ly, 4. Burroughs, Computation of Cloud Backscatter Power as a
Function of Time for an Active Optical Radar (U), Naval Weapons Center
NWC TP 5090 (April 1971). (CONFIDENTIAL)

2Dennis McGuire and Michael Conner, The Deconvolution of aerosol
Backscattered Optical Pulses to Obtain System-Independent Aerosol
Slgnatures, Harry Diamond Laboratories HDL=TR-1944 (June 1981).

ip. Diermendjian, FElectromagnetic Scattering on Spherical Poly-
dispersions, American Elsevier, New York (1969). The ratio of
backscatter coefficient to extinction coefficient depends on the
wavelength of the radiation and the aerosol particle size
distribution. If the latter is a locally homogeneous property of the
cloud, u/a (backscatter/extinction coefficients) will be constant.
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The return pulse (calculated by a straightforward convolution, eq 2)
that would result from such a cloud was subjected to the present signa-
ture extraction algorithm. The algoxithm includes filtering out high
frequency bumps in the return pulse and signature. The resulting
extracted signature (fig. 3) is relatively close to the actual signature
and provides better resoluticn of the sharp peak than the delta function
extracted signature (fig. 4).

Noise in the return signal becomes exaggerated on deconvo-
lution. This exaggeration means that the signature extraction becomes
less. reliable as the signal to noise ratio decreases. To demonstrate
this effect, the return pulse from the idealized cloud has been
corrupted with noise and the signature extraction has been attempted
again. The results for a signal to noise ratio of about 100 to 1 are
shown in figures 5 and 6 and for a signal to noise ratio of about 40 to
1 are shown in figures 7 and 8. For a signal to noise ratio of 100 to
1, the initial rise and sharp peak are just slightly more accurate than
the delta function was, but a large amount of noise has shown up in the
exponentially decaying tail. For a signal to noise ratio of about 40
(figs. 6), the situation s worse.

0.2
u = 0.050
E
s 01|
) | 1 1 1 1
0 1 2 3 4 5 ]
x (m)

Figure 1. Case I: extinction coefficient.
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0.6050 -
: 0.0040 -
SIG
0.0030 1
0.0020 -
j 0.0010 -
_ 0 . . . — , . . -
5 0 200 400 600 800 1000 1200 1400 16.00
% X (m)
o Figure 2. Case I: cloud signature.
0.0048 1
0.0040 1
0.0032 -
SIG
0.0024 1
0.0016 1
0.0008 1
0 . - , . — . . -
0 200 400 6.00 800 1000 1200 1400 16.00
X (m)

Figure 3. Case I: extracted cloud signature
{noiseless return pulge).
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0.0048 |
©.0040 -
0.0032 -
DELTA
SIG  0.002¢
{ - 0.0016 -
0.0008 \
o I v L T Al 2 8 g ] E
o 200 400 600 800 1000 1200 1400 16.00
X(m)
Figure 4. Case I: delta extracted cloud signature E
(noiseless return pulse). 3
0.0048 -
0.0040 -
0.0032 - d
]
SIG _i
0.0024 ¢
0.0016 -
0.0008 -
;
o v v A\ - L v 4 - ;
O 200 400 600 800 1000 1200 1400 16.00 y
X (m) C

Figure 5. Case I: extracted cloud signature
(:eturn pulse signal to noise ratio ~ 100).
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0.0032 1
DELTA

0.0024 -
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bl e K

0.0016 -

T
i

AL
i

0.0008
.

v

Figure 6. Case

0.0048

SIG
0.0024

. 0.0016 -

0.0008 1
a »

(return pulse signal to noise ratio ~ 100). j

T v -y ~y

400 600 800 1000 1200 1400 16.00 1
X (m) -
I: delta extracted cloud signature

P 0 200  4.00

Figure 7.

T e .

{return pulse signal to noise ratio ~ 40).
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R 7 el ST

g v Al -

6.00 8.00 10.00 12.00 14.00 16.00
X (m)
Case I: extracted cloud signature
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0.0048 ;
A

0.0032 |

DELTA
0.004 |

s T LT AT, ik

0.0016 ;

oo

0.0008 -

s

0 v - v . v - v
0 2.00 4.00 6.00 8.00 10.00 12.00 1400 16.00

X (m)

Figure 8. Case I: delta extracted cloud signature
{(return pulse signal to noise ratio ~ 40).

3.2 Case II

Figures 9 to 16 follow the same format as figures 1 to 8, but
for a different idealized cloud, case II. Here the improvement is less
subatantial because the case II cloud has a softer edge, so the delta
extracted signature is closer to the correct signature.

8.2

u = 0.05 ’
o |
€ 01| i
o T [
{
]
0 1 1 | | 1 . {
0 1 2 3 4 5 6 I
X (m) 4
Figure 9., Case II: extinction coefficient.
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SIG

SIG

0.0048 |
0.0040 |
0.0032 |
0.0024
0.0016 1{

0.0008

0.0048

0.0040 1
0.0032 T
0.0024 -
0.0016 1

0.0008 1

. v v T

2.00 4.00 6.00 8.00 1000 1200 14.00

X (m)
Figure 10, Case II: cloud signature.

16.00

. v

200 400 600 800 1000 1200 14.00

X (m)

Figure 11. Case II: extracted cloud signature
(noiseless return pulse).
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0.0032 1

DELTA
SIG 4 0024

Tt b it e R B il

0.001¢ -

0.0008 -

v v Y

200 400 600 800 1000 1200 1400  16.00

X (m)
Figure 12, Case II: delta extracted cloud signature
(noiseless return pulse).

s ointi N . L o -
o
Lo

- 0.0048

0.0040 1

!
0.0032 - ;
]

m

SIG

0.0018 1

0 200 4.00 6.00 8.00 1000 1200 1400 16.00

X (m)
Figure 13. Case II: extracted cloud signature
(return pulse signal to noise ratio ~ 100).
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0.0048 -

Figure 15. Case II: extracted cloud signature
(return pulse signal to noise ratio ~ 40).
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0.0016
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Figure 14, Case II: delta extracted cloud signature
(return pulse signal to noise ratio ~ 100).
0.0048 - ;
3
0.0040 |
0.0032 ]
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0.0024 -
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0.0040 |

0.0032 1
X

DELTA
SIG

0.0016 1

0.0008 1

o Y L A\

0 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

X (m)

Figure 16, Case II: delta extracted cloud signature
(return pulse signal to noise ratio ~ 40).

4. CONCLUSIONS

If the data have a signal to noise ratio of about 100 to 1 or
better, it is possible to achieve slightly better resolution in the
cloud signature than the resolution that would be available from equa-
tion (7), Adividing by the range response (delta function extraction).
The extent of the improvement in the resolution depends on the signal to
nolge ratio. There iz no evidence that restriction a (3ect. 2)
{limiting how far estimates of the cloud signature can vary from the
delta function estimate) is essential to the reasonable bhehavior of the
cloud signature. lLow-pass filtering of the return pulse or resulting
cloud signature probably is necessary. This necessity indicates that,
with a signal to noise ratio greater than 100 to 1 and adequate
filtering, perhaps equation (6) should be reconsidered as a method for
solving this problem, It may be worthwhile to consider using a hybrid
method by which equation (6) could be used to treat that portion of the
return vhere the signal is high, while settling for the delta extracted

signature where the gignal is lower.
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It was considered desirable to analyze a select portion of the
measured data by using the present method. Because of a computer mal-
function, th’s analysis has not been done, It is suggested that for
each raturn pulse two emtimates of the cloud signature be recordad, one
using the algorithm discussed in this report and, for comparison, one
using the delta function extraction. Unlike the test cases shown in the
figure:, tha real data provide no answer key and, hence, it may not be
clear which signature is more accurate. However, lt may prove instruc-
tive to generate grapha of the two estimates for various pulses and to
nots the similarities and differewces in the two.

Interestingly, McGuire? predicts that the signal to noise ratio
shonl.l decrease by a factor of uabout 0.14 on deconvolution, with
filvering of the return pulse as was done in the test cases. This
compares the signal to noise ratio of the filtered return with that of
the cloud signature. Tn the pregent study, the signal to noise ratio in
the unfiltered return signal is compared with that of the cloud sig-
nature. Alsu, the cloud signature was smoothed here. For these two
reasons, one expects the apparent increase in noise to be less than that
predicted by McGuire.’ ‘The two test cases here show an increase in
noise (compared with signal) on deconvolution by a factor of about
three, roughly consistent with this expectation.
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APPENDIX A.-~FLOW CHART OF COMPUTER FROGRAM FOR CLOUD
SIGNATURE EXTRACTION

A computer program was developed to deconvolve an optical return

pulse in such a way as to minimige the affect of return signal noise.
The flow chart for this computer program follows (fig. A-1).
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APPENDIX B.-=~COMPUTER CQODE FOR CLOUD SIGNATURE EXTRACTION

I
P RN

A computer program was developed to deconvolve an optical return
= pulse in such a way as to minimize the effect of return signal nolse. A
: FORTRAN listing of this program follows.

prrELY ‘("'{;‘;:rﬁw:t‘:mm ) L

TP
b Y

ﬂ'ﬂ'ﬂq_ o

E
E,

s

b
S
“
E:.
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APPENDIX B

i SBATCH 4
2 [ .
2 g C 3
e
[ ] ¢ VERSIONI AUGUST 80, 1080 -
g g ¢cLOUD S$IGHATURE EXTRAOTION ©o
[} ] =
9 ¢ ;
. -
13 gntnazzntuutnnnuutnt .
13
14 [+ ASK JIM GRIFFIN IF CALL -
18 ¢ FOR "GETFR® HAS CHANGED.
16 ¢ Co
17 CARRXBEEXAEE AR REXANREARERARKER x 2
18 ¢
19 € UWARNING? =
20 C THIS PROGRAM ASSUMES Ped FOR T GE 1J NS (TO SAVUE CPU TIME). IF THIS
a1 [+ PROGRAM I$ USED WITH A TRANSMITTER PULSE THAT EXCEEDES 13 NS, THE SUM -
gg g LIMITS NEED TO BE MODIFIED.
84 ¢
s C SOME UARIABLES:
a6 ¢ UMCI)t  C(INPUT) MEASURED Rt‘I'I.RN PULSE M‘ EACH NSEC (SHMOULD BE SMOOYHED
" [ OVER ABOUT 1 OR 8 NSEC
28 [ R(I)t RANGE RESPONSE. Xolx.18 M (-CITI&)
é9 [ P(I)s TRANSMITTER PULSE (EARCH NSEC)
0 -] C(M, I8 CLOUD SIGNATURE (UARIATION M) Xelx.i6 N
I c CLCUD SIGNATURE PRINTED 1S FOR le131 TO 98.
32 [+ UC(M, It RETURN PULSE AT EACH NSEC THAT WOULD RESULT FRON THIS SIGMATURE. ;
N 4] (VARTATION M) :
34 -] COMPARE 1T WITH UMCI) TO SEE HOU UELL WE DID.
3% [+] VARIATION M3
36 ] Ae(G-1, )IC(J)
3?7 ¢ Melt MO CHANGE (1.€. PREVIOUS RESULT)
38 ¢ 8t C(J)eC(J )N
39 -] At CJ)eC(J)=A
49 C 43 C(J)eC(I)+A, C(J+1)eClJel )N
:: g 61 CUU)IeClII=A, C(JI+1)aC(J¢1 )N
43 COMMON /BR/TRASH(BQ ), LIMN,LINMF
44 COMMON /FRANE/YUM(483,4), IFRAML , IFRAM2
4% COMMON ZUNITS/LUOUT
48 IMTEGERX2 NAMI(S)
47 DIMENSION VUC(5,100),UM(100),C(5,99),R(99),P(18),E(S8),
43 CTMATRX(400), RASTER(‘.I)»CGHIFT(IS
49 CRSHIFT(BS).CTEMP(SB) VCPLOT(10Q8), VPASS(488)
se EQUIVALENCE (Wﬂ(t.l) YPARSS(1))
:g eDﬂTA P/Q.44,3.60,4. 95.5 69,5.98,5.50,4.68,3.30,1.,70,0.68,0.87_0.10
[ T ] DATA R/1.,4.,10.,15.,84.,30.,31.,32.,37.,35,,8%.,80.,108.,14%.,
G4 C176.,810.,250.,200.,380.,430.,488.,520.,559,.,586.,605,.,015.,
s C822.,62%.,818.,618.,.608.,555.,8570.,666.,560 ,538.,680.,808.,
L 4 O‘“..Q?O..dii-.“:l..ltﬁi.,41...4.!..39...3‘0!-.3...35...33..
( 24 C388.,313,.,208.,200,,889.,880., l..m..m..t«..m..lao..

t,.
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B pEomestmunoeoagomengooe.
2 161.,187., . X (Y3 . (X [ .0 oo
4 . €113.0111.,109.,304.,161..90., ..ﬁ..u..n..u-.h o84.,
1
“ ¢ i+ e
t
& CALL INITG(1.8,.8)
s
¢ ¢ NOT MORMALIZED MOV
€7 FKXKK oS o
68 ¢
&9 TOUTDUR
7 INDVs1
71 ¢ oureuT DEUICE &0
-
L e
&
% ¢ FLOU CHART POX A
% ¢
77 LOWCTR®
78 ICTR1 0
79 1CTRR
' ICTRI=0
81 1TOTCTe8
32 DO 18¢ 1+1,100
2 Flel
84 TRATRXCE }oF T
ss 180 CONTINUE
M DO 125 le1,88
87 K=1+10
ss FiceK
89 XSHIFTC1)oPKE. 18
%0 188 CONTINUE
91 . DO 130 11,488
. Flel
93 RASTER(1 )eF1
S4 . 130 CONTIMX
5 ¢ FLOU CHART BOX B
o8 URTTECIOUTDY, 90113)
99 READ( INDU, 90103 )SIGMIN
190 URITE(IOUTDV, 98138)
101 URITE (IOUTDV.90508)
108 READC INDU, 50508 )FMANY
103 IMANYeFMaANY
104 WRITECIOUTDY, 961604 )
108 READ(INDV, 50103 )ECRIT
108 URITE(IOUTDV, 99198)
107 WRITE CIOUTDV, 9eSoR)
s08 READC INDV, 90508 101
109. WURITE CIOUTDV, 90107)
110 URITE ( TOUTDY, DO508)
111 READ( INDV, 50598 )iy
118 UR1ITE (TOUTDV, DORE1 )
113 URITE C IOUTDY, 90508 )
114 READC INDV, 90508 }ETINGS
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118 URITE (TOUTIV, 90283) :
118 WPITECIOUTEY, 80508) :
117 AEAD ( INDU, SOG08 IETINED E
118 WRETECIOLTDV, 99208) 3
119 URTTE (TOUTDV, 92508)
180 RTAD: INDV, S9S08 IPLOTFL '
184 IPLOTE»PLOTS L. 08
122 . WRITECI0UTDY,99108) 3
123 READ { INDV, 50509 ) (NAN1 (1), 321,0) 3
124 CALL OPENUCLUOUT,NANL, D, 8,0, 38T) E
12¢ DELLTe3.C~9 .
186 -3 E
127 ¢ FLOW CHART BOX C
128 ¢ , 3
129 290 LITOTCTITOTCT+E , . i
120 IF(ITOTCT.GT. IPANYIQ0 TO 4900 «
131 CALL GETFR(ISTAT,ITCHP,188.,1,0,098,98)
132 IF(ITEMP.GT.0.AND.2TEPP.LE. 18100 TO 4990 E
133 IFCISTAT.NE.6)GO TO 5002 ’
124 208 1FC(IPLOTF.EQ.1)CALL SUBPLT(MAGTER, 484, ‘RASTER’ 6, 1
135 CYPASS, ‘RAU PULSE’,9, IFRAML ) ;;
:;_c’ g PaxE PULSE RIGHT SIDE Ul 4
L 128 DO 310 11,482 E
37 "’ VWU.I)'“’.-M(!..) 3
}:: 210 CONTIMUE _,
y 142 c FLOW CHART BOX D |
143 c
= 144 FLIMK=LINF i
il 148 FI1-FLINFSR00.-7482. .
148 FlieorIie.8 |
147 T1eF11 1
148 ¢ N
349 © FLOU CMART DOX D.B B!
, 158 ¢ ;
i :g; o IFr11.GE.98)00 YO 490 !
§ 153 ¢ FLOW CHART BOX D.4 4
= 164 c z
k- 168 Fli~11 |
b 156 ¢ BELOuUN
1§6? < J 1S UM INDEX = SMIFTED TIMK IN MSEC. j
168 c X IS RASTER INDEX R
189 ] i
180 DO AS? J*1,100 ;
183 FJeJ
163 TEMPLerJ-2. LETINES
163 TEMP2.rJ+2.XETINE]
164 FLIM = (TENPL4FI1)IN402. 7800, :
168 FLINRe (TEMPR+FIA)2482. 7200,
168 LIMLeFLIML ;
167 LIMBeFLIMG !
188 IFCLING LT LI OILIMIoLINF :
1689 IF(LINE.OT. 488 LIMR-488
17 SUMN,
Y 21 FNORM-@ .
178 TEMPAsrIerTL
172 DO ¢4 KeLIMi,LIAS (
178 TEnraeay -
MPI=ARS( ( TENP4=FKID0S . /488 )
178 TEMP7-EXPC ~-TENPD ) nexs
17?7 SUMeSUMYUM(K , B ) STENS?
178 FNORM=FNORM TEMNST
1 178 YT CONTINE
H 180 VL J ) e SUN/FNORR
1 i:‘ o 487 CONTIMUE

f

B
F‘
B
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APPENDIX B

FLOYW CHART BOX D.8

JIM GRIFFIN SUGGESTS AUOIDING THE LAST 14 RASTER
POINTS TO ESTABLISH BASELINE.
FIND DASELINE S
TEMPe®,
DO 468 l+448,487
TEMPaTEMPevUR(L, B)
488 CONTINUE
BASE-TEMP /20,
SUBTRACT DASELINE
D) 464 101,100
VR 1=UM( T )=BASE
IF(UNCTI LT .8, IUM(T )00,
484 CONTINUE
SUNe),
DO 468 1-1,100
SUMSUMeUN(T)
488 CONTINUE .
IF(SUM.GE.SIGMINIQO TO 500

FLOW CHART BOX D.?

LOWCTR=LOWUCTR+1
GO TO 3ee
FLOW CHART 3OX &

L L 301530- I=1,98
ale
C(1,I)eUMCIIZ(FKKKKED.EETE-BRR(I))
$88 CONTINUE
DO 530 196,99
c LACKING ANy RETTER INFORMATION, TRY, FOR INITIAL VALUKS:
C(3,32CC1,08)
c $36 CONTIMUE

LY 2.1,1.2,]

000

00

c

CRERRKXAAES

CEXXXX23IAX

CEXERXERAER JIM GRIFFING

CEXEXRXNTER HERE, WRITE TWO COPIES OF THE FRAME CODE
CEZERRXRRXN (IFRAML, IFRAM3) ON THE OUTPUT TAPE.
[ 23733333 ¢] ALSO, WRITE TO TAPEs C(1,I)>, 111,08
CEXEERXXAKK (THIS IS THE CLOUD SIGNATURE OBTAINED
CERERREXXX RN BY DIVIDING BY THE RANGE RESPONSE.)
(4333333335

CEXRXRERLRR

FLOY CHART BOX €.%

DO 882 1-1,08
: IF(C(1,1).ME. 0. )00 TO 68D
SS8 CONTINUK
83 TEMW=C(L,D)

00000
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APPENDIX B

240 DO 800 101,99 3
841 IF(C(L, 1) NE.0, AND.CLS,3).LT. VENP TENPC(L,3)
2em 860 CONTINUE
243 CSMALLLYEMS 100,
| 244 ¢ : 5
34 ¢ FLOW CHART BOX £ :
X 246 € :
E 247 vet1,1)e0, _
- 248 DO 620 I-R.100
a ." UC(S.I)'.- 3
d ase ITEMPel-10
251 IFCITEMP.LT.1 )T TERPag 3
H3 55 626 Js17EMm LIng E
3 . :
» -
E‘! 254 Maged 7 3
] 268 UC(1,1)0UC(1,T)4PCMISCCE, J)RR(J)
¥S6 620 CONTINVE i
h‘] .7 UG(1,1)sFKKKKEDELLTRVC(L, ) L
§w 258 €20 CONTINUE _ i
89 ¢
¥ 2869 G FLOU CHART BOX G ]
£ 881 ¢
4 262 sSuMe0.
3 263 DO 730 I=1,10d 5
i 264 TEMP2eUC(1, 2 )~UM(L)
-1 265 SUNSSUMNSTEMPRXTENRR
S 266 730 CONTINUE ]
n 267 ERROADELLTRSUN :
: a8 ¢ d
J 4
“ E

R i o

'a
.
!
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202 ¢ FLOU CHART BOX N

ave ¢

ar SAVLER=ERAON

:;g c DELERR-ERROR

are IFCIPLOTF ,NE.1)Q0 TO 389 :

ars DO 840 11,88 E

are Kels10 :

arr CTEMPIY )eCtE,K) E

878 840 CONTINUE

a9 CALL SUBPLT(XSHIFT,88,°X’,1,CTEMN, *DELTA $1G°,9, IFRANS ) £

aee 858 GONTINUE ;

283 [ 3

ase ¢ FLOW CHARY BOX K

283 ¢ E

284 Q-01 3
; . 283 ] E
£ 256 ] FLOW CHART BOX K.B 3
¥, as? ¢ 3
E! ass DO 1155 12,8 E
i 289 DO 1156 Kei, 59 E
5»_:': 220 c(X.K )-cﬂ.l) 3
E a91 1186 CONTINUE :
4 292 ¢ ]
‘ 293 ¢ FLOW CHART 30X L 3
6. 1294 c :
a?’s 1200 Jei E
i ase ¢
E as? c FLOW CHART BOX L.8 :
v 298 c :
: 299 1200 JieJes
5 390 c i
i 301 ¢ FLOUW CHART BOX N

02 c . 3
L 303 LINteget 2
; 304 LIMaeJ+12 3

208 LIM3e @ -
{ 206 LiMdsge13 :

307 IF(LIM2.GT.100)LIME100 '

308 IF(LIMG.GT.100)LIM4=100 :

209 ¢ 3

gi: g FLOU CHART BOX N

Ja IFCCL,J),LE. 0, C(1,J)eCEMALL

g:: c IF(C(1,J1).LE.9.)C(8,J8)=C8MALL

318 ¢ FLOW CHART BOX P

318 ¢

317 A= (Q-1,)%CC1,d)

s ¢

19 ¢ FLOW CHART 30X @

age ¢

a CIR,JI+C(1,J)0 :

238 Ct2,J)eC(3,J)-n !

£t Ct4,J)eG(1,J)4A :

384 Ct4,312¢C(1,J1)~-0

228 C(8,J)eC(L,T)A

3l
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oon

1818 CONT
1880 CONT

1838
1840

19738

CI8,J1)+C(1,51 )0
FLOY CHART BOX R

DO tm -8,
lll. !'L!Nl LInG

'0?'(““‘:1 YoUG 1, T )FRKKKEDELLTRPCNIBRL S JR(CCM, J )B4 . J))
VCLM,LIN4G UG, LING)
INUK
DO 1840 Me4,.§
UGN, LING YsUC (L, LINL )oFKRKKADELLTYIPL L JBNC(J IMICIN,JI)=011,d))
DO 1838 i=LIRI,LIND
Nel=J
NI'Z'JI
VCIM, X=UC (1, § )oFRRKXADELLY

c'(pégﬂ):g( JIBICIN,J)=C(1,J) )P (NS IBRCIL INCCLIM,JL)=CC1,J00))

UC/N,LIM4)IeUC (S, LIMN4 J4FRKKKEDELLTEPC 18 I0RCJL INCCIM, J1 =08, J1))
CONTINUE .

FLOU CHART BOX 8
DO 1940 M-31,.8
UMD,
DO 1935 IsLIMi,LIMe
TERPRaUC(M, 2 )=YM(T)
SUNeSUM+TEMPRRTEMNS

CONTINUE
€M) DELLTRSUN

1040 CONTINUE

¢
¢
c

FLOW CHART BOX T
l.-l

a0ie@ DO ”l.

I.I.CON

L.6
!Fm! ).LT.I(HIN.O 10 seas
GO TO ReJG

208% NnR-1

€
¢
]

Leles

IF(L.GT.5)Q0 7O 2030
GO TO Rese@

8038 CONTINUE

FLOW CHART BOX U

D0 2189 1-
GCI.J)'CQM.J)
Ct1,J1):C¢NB,J8)

m!m

D0 .13. 2'[!“1.‘.8“‘
NC(L, X )euGt na,z
.l” CONTINUE
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- -l b i o AR L

413

4

131 LA R

[.1.1,}

oo

2.1

oo

5000

0000

NN 000

FLOM CHART BOX W
1. 00.0000 TO OO
FLOU CHART DOX X

JoJei
%0 To 1aae

FLOV CHART BOX ¥
ve(1,1000.
20 8k 1-2,100
VC(L,1)00.
1TEMPel-18
IFCITEMP LT 1)3TEMPey
LINITel-4

DO RE2G JolTEMP,LINIT
Mel-J

APPENDIX B

VCI(3, 100G (1,2)ePcMIBCCL,J MRS
TINUE

CON

VC(1, I)erKKKadELLTIVE(L,2)
CONTINUE

FLOU CHART DOXM 2

s$UM=8,

DO R340 11,100

TEMPR=UC(3,3 )=UNtT)
SLI- SUMSTENFEETENPS

FLOW CHART BOX AD
ICLASS=2
s

FLOU CMART BOX AC
Qe (1. +FNEQIZ(FNeL )
PLOW CHAART DOX AD
IF CERRON . GE . SAWEER GO TO 2070
FLOU CHART BOR AD.S
s

FLOU CHART BOX AD.7?
V0 JOTR 11,00
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a9 wnu.nocu.n
491 WTE CONTL
440 [ ]
443 -3 PELOYE
444 -3
:a g TeUNINDENeSMIFTED TINE
447 ] ao'u 31=31,98
448 of
A48 'ltml-ﬂ-l 3ETIMNEO
4t%0 TErPA=F1+8.3E7INEO
a4 LINg e TEMPY
488 xnum.u.: ILINE ey
453 LINR= TEWR
484 lnun.«.)- NINk9D
458 €L, 3 )00,
486 FNORNRO .
%7 m Kot IN1,LINR
488 Rk
A§9 TENP=ARS( l'!-ﬂt WETIMED)
480 cu.n-cu.x»wmu ABDPL~-TENP)
AR4 FNORM=FNORMEXP( ~ TENe)
4462 e tNut
483 cu.n-cu.nm
::: T4 CONTINUR
4a8¢ (-] FLOW CHART BOX AD.8
467 -]
Age SUM-
A9 DO J085 I~1,108
an OUH-OUHOUH( IIRUALT)
an I0QE CONTINUE
amn nnom-tnonnun
47 DELERA=DELERR/SUN
:;; e IF(CRAORA.LT.ECAZTIGO TO 2900
478 [~ FLOU CHART BOX AL
477 ¢
478 1CLASS=)
a9 ICTRI=ICTRI+L
439 3168 CONTINUE
481 IFCIPLOTF . NE.17G0 TO 30O
438 . DO 3103 11,88
483 Jui+s®
484 CSMIFT(1)=C(L,d)
438 3183 CONTIMUE
M“. CALL SUBPLT(XSHIFT,88,  (*,1,COMNIFT, *810° 3, 1PN

1)
487 3108 CONTINUE
438 20 31687 100
489 moﬂnwcu.n

L o d 3187 conTiIAN
493 cau. SUPPLT (THATRX, 108, ¥, 4,UCPLOT, ‘CMC.

m‘ 248, IFRANL )
3119 CoONTIR

493 CAaLL mnmm. lo.. g0,
494 CA, UM, ‘AEAS. METURN’,3 .nmmu

LI T 14
)
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‘3... GONTINUE

9%
474
49 ¢
428 ctassanssse
499 canaseneess
L) Casasantszs JIN QRIFPING
se cananaszsge HERE, URITE TO TAPE: O0Ot1,1), 111,98
$02  Cusssssasss H vErd:
[ 1X] CranRsRiRgs CLOUD 8
S04 CRESERL243S8
S8 CREruRRRaSE
sot
| 234
[ 11 ]
99
si0
[ 1%
12

N T T e e T T

¢
¢
o ac 7o 300
. ¢ END OF PROGRAM SUMRARY
¢
] 813 4000 CALL SCREEN
E Si4 URITEC TOUTDY, DOI01 ) THANY
- 1% WRITE(JOUTDY, 90303 )LOUCTR
16 URITE(TOUTDV, 90304 ) ICTRY
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APPENDIX B

. L] L.
$S2 970101 FORMAT( * ml CRITIOAL ERROR. ‘)
$3? 9030) FORMAT(L1S
e 90107 Fg:MT:: tm: v'ﬂa“ X “fwfau Q DECREASE?.’)

.

%6 90408 FORMAT(’ ENTER QUTPUT TAPE DEVICE.
L 3 24 920313 FORMAT(* ENTER INTEGRATED PULSE O‘lﬁﬂ"' BELOU UMICH ¢,
L 33 C*'SIGNAL SHOULD MOT 3L 'IOCCSSED.
39 90318 FORMAT(* ENTER NUMBER OF PULSES "‘0 3C PIOC!..ID.‘ )
[ 1o d SORBL FORMAT(’ FOR FILTERING OF RETURN PULSE, ENTER

MERLIVRYNE e v i b

Sé1 C.'i’( TIME (IN NSEC)t°7°DO NOT USE 2(!0'1

62 C°SHOULD USE AT LEAST .8 NSEC 80 VOU AR, 0

583 C’OQUER MORE THAN ONE RASTER POINT,*

864 0088 FORMAT(’ FOR FILTEAING OF CLOUD nmrmc. ENTER °

-1 T C,’3-C DISTANCE (IN UNXITS OF .ll METERS): ‘DO NOT UBE ZERD’)
Se8 DORES FORMAT(’ ENTER i, FOR PLOTS.

867 $3301 FORMAT(1X, I8, RETURN PULSES Utl( EXAMINGED, *)

$68 90303 FORMAT(IX, 18, OF THESE PULSES WERE BELOW THAESHOLD.’)
69 90304 FORMATC(IX,18,* OF TN!.I PULSES HAS LESS THAN 108 NSEC‘/
370 C'OF USEABLE RETURN

$71 S0308 FORMAT(1X,18,* CI.OUD SIGNQTUR‘G WERE SUCCESSFULLY EXTRACTED.‘)
7R 90387 FORMAT(1X,18,° CABES FAILED.

L K¢ 00804 FORMAT(’ USE DECIMAL POINT’)

§74 0588 FORMAT(FIR.I)

L X4 ] 90508 FORMAT(9AR)

$78 POL50 FORMAT(* ASSIGNMENT ERROR’, 18, ‘FROM QETFR:)

[ X4 90561 FORMAT(’ IF CODE = 138, FILE MARKER FOUND.‘”

78 C’ ANY OTHER CODE MEANS TAPE ERROR, ‘v
579 C' GCODEK » *,218)

620 END

sl SUBROUTINE SUBPLT(PASSL, IPASSE, IPASSD, 1PASS4,
s8a CPASSS, TPASSE, IPASS?, IFRANE

g2 DIMENSION PASS1(3), xpassa¢¢).xpnooccqa.raoos«x)
B85 C UARIABLES PASSED:

s8¢ ¢

87 ¢ 1t X ARRAY NAME

sa8 ¢ @t 8 POINTS

s89 ¢ 31 ‘X LABEL’

s%¢ € 4t 8 CHARACTERS IN LADEL

s91 ¢ Bt ¥ ARRAY NAME

$92 ¢ 6: v LADEL’

$92 ¢ 7 s CHAIACTERQ lN LABEL

g94 ¢ IFRAMET FRANE €

895 CaLL SCREEM

€58 URITEC1, 905 Y IFRANE

587 CALL SCALE(PASS1,IPASSZ.8..1,0)

o8 CALL SCALE(PASSS, IPASSR.8..1,1)

859 CALL ENTGRA

€00 CALL XAX1SCIPASS3, IPASS4,.8.)

8ol CALL VAXIS(IPASSE. IPASST, 6. )

4 éatl na?ao(rnso:.rnsss.xincoa.x.a)

ee3 CALL EXITGW

04 READ( 1,003 )1FAKE

-+ RETUR

sed 903 FORMAT(T1)

e? 908 FORMAT(EEX, ‘FNANE’,18)

-+ END
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APPENDIX C

The return puise was filtered by replacing each digitized value,
Vit;), by a weighted average of the pointa in its neighborhood. The
welight factor decreases exponentially as t movas away from L. The time
(in nanoseconds) by which the weight factor has decrsased to 1/e is
called Ty The filtering of the cloud signature is similar, except that
the units for x, are 0.15 m (corresponding to 1 na),

The filtering valuez and the valuesa for Ql and n used to genarate
the figures in the main body of this report were these:

Case 1

t. = 1.3 (- 1.3 ns),

o
X, = 1.2 (=0.,195 m),
Ql = 1.2,

n = 2,

Case II

1.3 (= 1.3 ns)o

(24
%

X = 1,3 (- 0.195 m),
Ql = 1.1,

n = 2.
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APPENDIX D

As discussed in the main body of this report, the extent of vari-
ation of the cloud signature depends on the product of the Q¢y's. The L
author has not been able to write this product in terms of Q, and n in 3
closed form, but some discussgion and numerical results are given below.

Note: 1<Q0<2,n>0, 0<¢Z2<1t, 0<Cac<it,

Find »
@
Qi = Q°Q2°Q3°Q « ¢ & (p=1) :
i=1
where
1+ nQi
QYo T mvT e (p-2)
Let
Zi = Qi -1 . (D—3)
Then from equation (D-2) it follows that
- n - -
Zipy o (By) =07 (D=4)
. _n
o == . (D-5)
Using equation (D-4) repeatedly shows that
= yi=1
Zi = qQ Z1 (D=-6)
Back to the task at hand,
o0 o
i=1 i=1"
n (IIQi) =1n [[I(z; + 1)] = 31n (z; + 1) , (D-8)
1n (I]Qi) (1 +2)+ 1n (1 +az)) +1n {1+ a22) 5e0)
D-

+1n(1+0321)+.....

Using
‘ x% x3 x* x°
1 1 + = -__— L, 2 =
n ( x) x 2 3 2 + 5 for x < 1 and x 1

in each term in equation (D-9) yields
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1n (ITQ,) = [Zr -

Collecting like powers of Z,

s e

1n ("Qi) =12

S SR R e G R e

1+a+a2+ad+0 o

Nr——"l

Zi
- [1+a2+a"+cx6+'°']

2
Z3
1
+—§E+a3+a5+a9+---] (D=11)
Z'-O
1
-4 [1+au a® 4l 4 ]
+'.. .

(D=-12)
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APPENDIX D

These terms get very small very fast. The sum therefore can be
approximated by the first few terms. The exponential of the sum then

gives
[ 4
Ie -
i=1

R I

PSR TR 1A

§ g

. 3
Table D-1 was generated by computer. Using the first five terms of : %
K equation (D=-12) gives the same results as the first 100 terms of equa- 3 fj
tion (D-1) to the accuracy shown here. 3
&
= 3
g ;
| - :
TABLE D~1. NUMERICAL RESULTS POR PRODUCT ﬂ Q 3
i=1 i
Ql q
: 4 3
>‘ - n . E
' 1.4 1.3 1.2 1.1 1.05 1,02 1.01
4
0.5 1.70 1.50 1.32 1.16 1.08 1.03 1.02 I
. 1 2.04 1.73 1.46 1.21 1,10 1.04 1.02 i
: Lo
2 2,95 2,29 1.76 1.34 1.16 1.06 1.03 I
3 4.25 3.04 2.14 1.48 1.22 1.08 1.04 i
4 6.13 4.02 2.58 1.63 1.28 1.10 1.05 ]
5 8.84 5.32 | 3.13 1.79 1.34 1.13 1.06 ;o
10 "55.1 21.6 8.12 2,92 1,72 1.24 1.12 :
i
:
1
1
3
i
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